1. In contrast to the diminished ventilatory response to hypoxia which has been found at rest in cyanotic congenital heart disease, hyperventilation was noted on exercise in children who were cyanosed.
bicycle ergometer as described elsewhere (Godfrey, Davis, Wozniak & Barnes 1971a) . Steadystate measurements were made at rest, one-third and two-thirds of the maximum work load that the child had completed in a previous assessment of his maximum working capacity. In a few children with severe exercise intolerance steady-state measurements were made at rest and one-half the maximum work load reached.
The inspired gas was air throughout each study. Expired gas was flushed through a Tissot spirometer and analysed continuously for 0, and COz. When heart rate, minute ventilation and expired gas concentrations were all steady a collection of expired gas was made in the spirometer over at least 1 min and analysed immediately. While the expired gas was being collected, a sample of blood was taken from an ear lobe for estimation of pH, Po, and Pco,.
The blood was collected, analysed and the pH and PCO, corrected to arterial values as described by Godfrey, Wozniak, Courtenay-Evans & Samuels (1971b) . The mean oxygen difference between ear and arterial samples using this method is 2.1 mmHg (SD 2.5) at rest and 0.9 mmHg on exercise (SD 3.1). Arterial oxygen saturation was calculated as described by Severinghaus (1966 The expected minute ventilation was calculated from the child's oxygen consumption, height and sex using the data from normal children reported by Godfrey et al. (1971a) . 
RESULTS
At rest there was no significant difference between the mean minute ventilation of these children (8.2fSEM 1.0 litres/min) and that of normal children studied in this laboratory (7.8 f SEM 0.69 litres/min). Fig. 1 shows the relationship between the ventilatory index on exercise and the change in arterial oxygen saturation from the resting value. Fig. 2 shows the relationship between the ventilatory index on exercise and arterial Po,. There are no values available for the ventilatory response of normal children to hypoxia during exercise for comparison with this data. However, the results calculated from the normal adult data of Asmussen (1967) (assuming normal resting arterial oxygen saturation and a 2% venous admixture on exercise) agree with the present results (Fig. 1) .
The ventilatory index on exercise was significantly related to the arterial pH, but statistical assessment of the multiple regression analysis of ventilatory index, change in arterial oxygen saturation and pH showed that the contribution made by pH was not significant when the ventilatory index and change in arterial oxygen saturation were known.
Increase in arterial Pco2 (Pa, co2) and fall in pH both stimulate respiration and in theory could have been responsible for the raised ventilatory index on exercise. The highest Pa,co2 during exercise was 35 mmHg and Pa,co2 on exercise was not significantly related to the ventilatory index (Table 3) . Therefore the increase in minute ventilation was not due to an increase in Pa,co2. Three children (patients 2, 3 and 7) had a lower ventilatory response than the others. Their results fell outside the 95% confidence limits estimated from the results of the other children. Direct measurement of ventilatory capacity in these children showed that they were all capable of a ventilation rate which would have brought their results within the 95% confidence limits. In these children Pa,co2 during exercise was not lower than that of the other children ( Table 2) .
As all the children with a poor response during exercise had high haemoglobin values it was possible that their arterial oxygen content might be higher than was suggested by their arterial oxygen saturation, and the ventilatory response of all the children might be more closely related to oxygen content than saturation. However, statistical analysis showed that the ventilatory response was more closely related to both oxygen saturation and change in oxygen saturation than to oxygen content ( Table 3) .
DISCUSSION
The three patients (2,3 and 7), who had a poor ventilatory response in relation to the increase of hypoxia on exercise, all had haemoglobin concentration above 16 g/lOO ml, arterial oxygen saturation (Sa,02) of less than 88% at rest in air, and a history of cyanosis of at least 43 years duration starting at or before 33 years of age. Of the children who did not have a low ventilatory response on exercise, two patients (13 and 10) had a similar history of cyanosis and a low saturation at rest, but a haemoglobin concentration below 16 g/lOO ml, and one Opatient 11) had a low oxygen saturation at rest and a haemoglobin concentration of 18 g/100 ml, but a late onset of cyanosis. It would appear that a raised haemoglobin concentration, arterial desaturation in air at rest and long-standing cyanosis starting early in life were associated with insensitivity to hypoxia during exercise, though it is not possible to say which is cause and which is effect from the data available at present.
Sorensen 8c Severinghaus (1968) using a steady-state technique have shown blunting of the ventilatory response to hypoxia at rest in adults with surgically corrected Fallot's tetralogy. Edelman et al. (1970) using transient hypoxia showed a diminished response in cyanotic congenital heart disease. In the present study it would have been interesting to compare the ventilatory response to hypoxia at rest with that on exercise but it was not felt that the induction of hypoxia at rest by breathing hypoxic mixtures was justifiable in these children. The ventilatory response on exercise was not diminished as compared with that reported by Asmussen (1967) in normal adults. It is possible that the ventilatory response to hypoxia is merely blocked at rest and not damaged as has been suggested (British Medical Journal, 1970).
The results of the studies of totally corrected Fallot's tetralogy by Sorensen & Severinghaus (1968) and Edelman et al. (1970) are not in agreement. Sorensen & Severinghaus (1968) found a diminished ventilatory response to hypoxia at rest while Edelman et al. (1970) found a normal or near-normal response. This difference could be due to the different techniques used (steadystate and transient hypoxia) or to the fact that the three post-operative cases studied by Edelman el al. (1970) had normal arterial oxygen saturations and haemoglobin concentrations, while four of the five patients studied by Sorensen & Severinghaus (1968) were still hypoxic and had high haematocrits after total surgical correction.
From the present study it appears that, except in patients with a triad of long-standing cyanosis from early life, a raised haemoglobin concentration and a low arterial oxygen saturation at rest in air, the ventilatory response during exercise in cyanotic congenital heart disease is not diminished as other workers have shown it to be at rest.
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